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CHAPTER I
IHTRODUCTION
A.

ECOLOGICAL ROLE OF FIRE IN
POKDEROSA PUJE FORESTS

Evidence shows that fires have occurred periodically in many
areas of the ponderosa pine (Pinus ponderosa Laws) region of the
western United States.

Keen (82) found by tree ring and fire scar

studies that fires swept Watkins Butte of Deschutes National Forest,
Oregon, during the years l82k, I838, 18^4-3, I863, I883, and I888.
Also, he found a tree on another area which had been fire scarred 25
times between iWl and 1936. According to Kotok (7) thousands of
incense cedar (Libocedrus decurrens Torr.) were cut down in an area
extending from the Oregon line to the southernmost part of the
California pine region.

The fire scars on these cedars showed severe

fire years in I685, 169O, 1699, 1702, 1708, 1719, 1726, 1735, 17^3,
17^7, 1757, 1759, 1766, 1786, 1796, 1804, 1809, 1815, 1822, 1829, 1837,
1843, 1851, 1856, 1865, 1870, 1889, and I899.

Kotok also fround on the

Stanislaus National Forest, California, that 7^ acres had 221 distinct
fires between 1^+54 and 1912, or an average of approximately 1 fire every
2 years.

Weaver (90) observed from cross-sections of trees on the

Omak Lake Ridge on the Colville Indian Reseirvation, Washington, that
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fires occurred once every 8 years between 17^0 and 1920. He also
found in the Southwest that fires burned as frequently as once every
^ or 5 years.
Even though there is much evidence from tree ring and fire
scar studies that fire has frequented the ponderosa pine region, the
extent to which fire plays in maintaining the ponderosa pine type in
western United States is questionable.

There is little doubt that

fire^ started either by Indians or by lightning, has burned parts of
the forests at one time or another.

Whether or not

the ponderosa

pine forests had reproduced because these fires swept the landscape
has been a subject for discussion for sometime.

Many workers (7,52,

82, 86, 88, 92, 95f 99) have suggested that the mature, park-like
stands of ponderosa pine, typical upon white man's arrival to wes
tern United States, had resulted because fires occurred periodically.
For example. Dr. Willis Linn Jepson in 1923 stated in part that:
The Sierra Nevada forest, as the white man found it, was clearly
the result of periodic or irregular firing continued over many
thousands of years-as a result the Sierran forest shows marked
reactions to millennial fire conditions. . . Indeed the main silvical features, that is density, reproductive power and dominance
of types, are in great part expressions of the periodic fire status

(88).

However, not everyone agrees that the ponderosa pine can be
classified as a fire type (17# 19)-

Bvircham (19) reviewed a few early

records of California which stated that the natural vegetation was very
variable in composition, distribution, and density, which refutes the
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that ovLT pristine forests were open and parklike.

Also, according

to Bxxrcham, the records shoved that Indians did a very limited amount
of burning in California.

He stated several contradictory facts to

earlier studies: (l) Lists of "fire years" did not coincide. (2)
Studies had been made with species which did not thoroughly cover an
area. (3) The coniferous forests of California were deficient in
characteristics which indicated ecological responses to fire as
a significant factor in the environment.

(i|-)

Except for a thick

ening of the bark, the presence of marked physiological or mor
phological adaptations to prevent destruction of the species were
lacking.

Burcham (19) concluded that fire was but one factor of the

environment and that ponderosa pine persisted in spite of fire,
rather than because of it.
Even though a thorough understanding of ecological processes
involved between fire and ponderosa pine is lacking. Weaver (82)
perhaps best described the role of fire in the life history of an
unmanaged ponderosa pine stand.

Single trees in any given stand were

attacked by western pine beetles (Pendroctonus brevicomis Lee.).
These beetle-attacked trees were further destroyed by other insects,
fires, and windthrow.

In the openings created by the destruction

of these trees, ponderosa pine seedlings germinated.

But fires again

appeared and consumed the partially or wholly destroyed mature trees
and killed the subdominant reproduction.

If the dominant reproduction

was destroyed, new seedlings germinated on the favorable mineral soil.

k

The young trees which developed in the openings were thinned by Ips,
Dendroctonua monticolae Hopk., and Dendroctonus brevicomis Lee,

After

trees reached overmaturity, they were again susceptible to agents such
as insects, fire, and windthrow.
On sites other than those best suited to ponderosa pine, fire
has been given greater importance in maintaining the ponderosa pine
type (29, 52, 82).

According to Daubenmire (29) fire has created

an environment more favorable for ponderosa pine on Pseudotsuga
menziesii and Abies grandis habitat types than for other species.
For example, the frequent recurrence of fire was attributed to be the
cause for maintaining ponderosa pine as a fire climax on the Pseudotsuga menziesii/Phyaocarpus malvaceus habitat type.
B. ATTRIBUTION OF FIRE EXCLUSION TO
CURRENT MANAGEMENT PROBLEMS
There are many current problems in ponderosa pine management.
For example, on the lower slopes of the ponderosa pine zone, young
pine stands can stagnate on the poor sites (80, 85, 90).

When

moisture is available during good seed years, numertjus seedling regen
erate in dense clxirups.

After a few years, the competition for mois

ture becomes intense, causing the young trees to stagnate.

Weaver

(85) states that these thick clumps of young trees also compete with the

reserve stands for moisture to such an extent that the mature trees
loose their vigor and thus decrease in growth and become more susceptable to insects and diseases.

There shoxild be a correlation

between the amoxint of restocking and the mature trees on a given
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area so as not to have competition for moisture (47).
Higher up the slope, usually some trees in each reproduction
clump are able to outgro-w others because of the better site quality,
and therefore, there is less chance for stagnation to take place.
But still further up the slope, on the upper fringe of the ponderosa
pine zone, an understory of associate tree species such as Douglas
fir (Pseudotsijga menziesii), white fir (Abies 3pp.),and incense
aedar commonly appear (7, 15> l6, 85, 90, 92). These associate sp
ecies, reproducing well in dense shade and heavy litter, have the
same effect on the reserve stand as the dense stagnated stands on
the lower fringe of the pine zone had.
The understory of associate species presents other problems.
Areas which were predominantly pine are now converting to these
associate species (16, 25).

These associate species are less

valuable economically than pine because of their poor quality.

Also,

they provide a high fire hazard which would not normally exist. The
thick understory provides a medixzm for any surface fire to cause a
more damaging crown fire (7)*
In many open areas in the ponderosa pine region, natural pine
reproduction is lacking (65, 80, 85).

Instead of an open, sandy, porous

seedbed, there is a thick grass sod, thick accumulation of needles,
or low brushy cover where the pine seedlings are not able to germinate
and siurvive.

This same low vegetative ground cover also provides a

high fuel potential for any wild fire which should ignite (92).

6
As with any other ground debris, logging slash provides fuel for
fires.

Even though disposal methods are In use, more economical and

efficient methods are desired,
^fel,ny workers (7, 52, 80, 85) who feel that fire has played a
ma,5or role in the production of pondeirosa pine forests, have attributed
these ciarrent management problems to the exclusion of fire after
fire protection policies were enforced.

They have recommended the

return of fire, under prescribed conditions, to help eliminate them,
C,

EARLY USE OF FIRE III THE
PONDEROSA PIKE REGION

The recommendation for using fire in solving management prob
lems is not new in certain parts of the pine region. For instance,
fire was used for reducing fire hazards in California soon after
logging was begun in this state.

However, prior to 1925^ numerous

publications emphasized the impracticability of light burning and the
need for maximum fire protection.

For example. Show and Kotok (TO)#

after citing many examples of insect attacks after fire, damage to
butt logs and to crowns, loss of voliame and reproduction, decrease of
growth rate, and damage to site quality, stated that;
. , .the true role of fire is that of a destroyer and that any
policy of protection must first insure the highest practicable
degree of protection, . . •
Bruce's ( I 8 ) study concluded that:
1.

Spring burning was dangerous because by the time the litter

was sufficiently dry to bum satisfactorily the season was normally
far advanced.
2.

It was expensive to keep summer burning under control.
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Fall burning was impracticable because vegetation could

become saturated
4.

with water in a few hours.

At any season the cost of light burning appeared consider

ably greater than the resulting benefits.
5. Downhill burning was better than uphill, but still some
damage resulted,
6.

No bum yet observed failed to seriously damage reproduction.

7.

No burn failed to cause damage to mature timber.

8.

Where burning was practicable, it was not necessary because

these areas were easily protected.
9.

10.

Where burning was impracticable, it was necessary.
Burning on large areas at one time was impossible because

moisture conditions on slopes of different directions varied widely.
D. PURPOSE AOT) METHOD OF STUDY
The use of fire for ponderosa pine production, except for the
disposal of logging slash, has been negligible since the early era of
burning in California.

However, in the last decade or so, more

studies have been made in the ponderosa pine region in an effort to
determine the practicability of again using fire as a management
tool.

The information contained in this paper is the result of an

attempt to analyze and summarize these more recent studies in order to
determine whether or not the use of fire as a management tool in
ponderosa pine is justifiable and to present a basis for further studies.

8
The study delves into the effects of prescribed burning^ in
ponderosa pine and the proper methods of application which have been
or should be practiced dxiring burning.

A short section will be

devoted to the similarily of using fire in southern pine and in
ponderosa pine.
Even though practices, problems, and habitat types are slightly
different in different parts of the ponderosa pine region in western
United States, this paper will consider studies from the whole region.
Wo one section of this region contains enough information for a
thorough analysis by itself.

"hereafter in this paper, prescribed burning will be defined as
the use of fire in obtaining forest tree production where the conditions
for firing are considered.

CHAPTER II
REGENERA.TIOW
A. GERMINATION
Th.e objective in using prescribed burning to increase ponderosa
pine gennination is to expose the area of any undesirable cover without
damaging the soil properties.

Thick accumulation of needles, thick

low vegetative covers, slash, thick grassy sods, and any undesirable
associate tree species should be consumed by the fire to the extent
of exposing the mineral soil.
Effect of different cover densities on emergence
In Table 1, a study by Tackle and Roy (73) on the east side
of the pine region of California shows the effect of different ground
cover densities on the germination of ponderosa pine seedlings.
greatest number of seed per acre germinated on bare seedbeds.
ground cover increased, germination declined.

The

As the

This table also shows

germination by type as well as by density of ground cover.
Emergence of seedlings after burning
Studies by Biswell and Schultz (13) show that the number of
manzanita seedlings in second growth ponderosa pine can be reduced
by burning, and if timed with a seed crop of pine, pine seedlings

9
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TABLE 1. —

Ground
Cover 2
Density
Bare
Light
Medium
Heavy
Basis;
number of
quadi^tes

Germination by Type and Density of Ground Cover (73)

Type of ground cover
Wooly
Grass
Duff
Slash
mules
ears^

Sqviaw
carpet^
••

••

5062
3091
YJlk

13^72
5889
59^h

••

5286

58

116

••

••

«•

5643
1750
2286

2333
1428

7

36

10

••

••

All
33329
11420
3816
2914

Quadrat
basis
164
119
38
70

Ground cover classification
Bare - 0,1 or less of surface covered.
Light - 0»1 - 0,4 of surface covered.
Medium - 0,5 - 0,7 of surface covered.
Heavy - 0,8 and more of surface covered,
2

Ceanothus prostratus Benth,

^ycthia mollis Gray,

may appear in abundance.

In their studies, the manzanita greatly

outnumbered the pine seedlings before burning.

After burning, ob

servations showed that only a few seedlings of manzanita had
appeared while ponderosa pine seedlings had emerged everywhere in
great numbers.
After a burn had removed the litter on the Snake Lake area
of the Plumas National Forest, California (70), ponderosa pine seedlings
had a higher percentage increase in germination than did the other
species (see Table 2),
Another example of benefically preparing the seedbed for
germination of seedlings is on the Eldoirado National Forest (75 )•
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TABLE 2. — Influence of Heavy Litter on Germination ( 7 0 ) (Snake
Lake, Plumas National Forest, California)

Number of seedlings to each 100 sq. ft.
Species
Litter undisturbed Litter removed Percentage increase
Ponderosa pine
6
29
383
Siagar pine
2
7
250
Douglas fir
8
I5
88
White fir
19
3^
79
Incense cedar
2^
^
Total
60
122
103

One year after a light burn, 20,000 ponderosa pine seedlings per
acre had genainated on the burned area while not one seedling per acre
had germinated on the unburned area.
On the Kootenai National Forest where the soil had been scarified
and prescribed slash burned, the mineral soil had roughly eight times
as many seedlings per acre as occuiTed on the duff under otherwise sim
ilar conditions

(6j)» Even though burned surfaces were not presented

in the comparison, burning appeared to be nearly as effective as ex
posing the mineral soil by mechanical means.
This may be further substantiated by an experiment done in
California to determine the different emergence of pine seedlings
under different treatments (see Table 3)»

Treatments were (l) un

burned, at least for 10 years, (2) burned fall of 1953, (3) biarned
fall of 1955, (^) burned October 1956 when seed fall was about onehalf over, (5)

burned fall of 1955

rototilled in September, 1956,

(6) brush removed with bulldozer, summer of 195^,

(7) litter hand

raked to mineral soil, August, 195^, and (8) untreated manzanita thicket.
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TABLE 3*

-

Emergence of Ponderosa Pine Seedlings Under Eight Seedbed
Treatment s (68)

No.
Of
Plots

Seeds
Treatment
per
trap
^l)Unbumed
b
17
(2)Bumed fall 1953 6
Ih
8
(3)Bumed fall 1955 6
(ii-)Bumed Oct. 1956 6
16
(5)Rototilled 1956 6
7
(6)Bulldozed
1956 6
7
2h
(7)Raked Aug. 1956 ^
(8)Manganita thicket3
12

Seedlings
per 100
sq. ft.
10
8
39
96
6U
33
310
8

Adjusted No.
seedlings
per 100 sq. ft.
-11
k
67
80
97
66
196
14

t
Rank ^
h
k
3
2
2
3
1
If

There is a significant difference at 95 per cent level of
probability betveen eidjusted means of treatments having different
ranks. This means that treatment causes the difference as stated
95 per cent of the time.
As shown in the table, adjustment was made with the error
(within treatment) regression coefficient between seed and seedling
numbers.

Analysis of covariance was used to test the significance

of treatment difference and these are indicated in the Table by the
rank, column 6.
The similarity of this study to the one by Tackle and Roy
shows three principles as stated by Schultz and Biswell:
(1) Mineral soil should be exposed so that the seed, and
subsequently the seedling roots, can be in contact with a medium
of high moisture - holding capacity.
(2) The amount of dead litter which may shade, smother, or ob
struct the emergence of the newly germinated seedling should be
reduced.
(3) Since the seedbed deteriorates rapidly, it should be prepared
Just prior to or during the seedfall from heavy cone crops (68).
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•R.

EFFECT OF BTJRNING ON SOII£

Physical properties
A light surface fire may improve slightly the permeability and
associate physical properties of the soil as shown by Tarrant's study
(7^4-) on the Colville Indian Reservation, Washington,

The study area

had a litter of 2 inches of pine needles and brush of which the lower
half was dry to the touch. The air temperature was 8l degrees F. and
the relative humidity was 23 per cent dtiring the burning.

Table ^

shows the typical profile of soil fround on the study area.
TABLE

—

Depth
(inches)
0 - 0.5
0.5 - 2
2 - 4
I4. - 9

9 +

Typical Profile of Soil Found on the Study Area (7^)

Horizon
designation
L
F
An

B

C

Soil
color
Gray
Brown
Light
Brown
Light
Brown

Soil
texture

Soil
structure

Very fine
sandy
loam
Sandy loam
with scatt
ered gravels
Sandy loam
grading to
coarser
material

Soil
consistence

Crumb

Very
friable

Granular

Friable

Single
grain

Loose

The effect of prescribed burning on the physical soil proper
ties was compared at the 95 per cent level of probability (see Table
5).

Both percolation rate and macroscopic pore volume were increased.

lilMicroscopic pore volume was decreased and "botal pore volume and bulk
density showed no changes after "burning.

This meant that the intake

of precipitation by the soil could be increased^ but its availability
to plants may be decreased.
Fuller, et al (35found on the Coconino National Forest in
northern Arizona that the permeability of volcanic ash soil was de
creased because of the increase in soil dispersion. The permeability
coefficient of a sandy loam from an uncontrolled burn was half as great
throughout the first one foot layer, as in the unburned soil.

The

effect on the controlled btirn was between the uncontrolled and tmbumed in significance. The effect of burning on permeability was
greater in the first 2 inches of soil than in any other 2 inch layer,
TABLE 5»

"""

Effect of Prescribed Burning on Some Physical Soil
Properties (7^)

Treatment difference
Treatment
between 1930 ^ 1953
Comparison^
Control
Burn
Percolation rate
(cm, in per hr,)
0,08
+ 3*^0
3<»32
Macroscopic pore
space (% by
volume)
4 0,64
4 3-09
2.^5
Microscopic pore
space {ia by
volume)
4 1.93
- 1.91
3.8^
Total pore space
_
(% by volume)
t 2,57
l»l8
1«39
Bulk Density
_
(grajns per c.c.)
t 0«08
t 0»08
0.00
5
Differences between treatment differences

Significance
Level at;
95%

99%

3»270

4,^l4

2.206

2.978

3.2ij-0

4,37^
^r.^3*686

2.730
,
O.Ojk

Chemical properties
In the study by Fuller, et al (35)^ "the degree of chemical

0.010
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alteration of th.e soil was related directly to the extent of the burning
of the duff layer.

There was some chemical chajiges all the way down to

8 inches, "but they disappeared altogether at depths ranging between 8
to 12 inches. The contirolled burning was conducted so as to keep the
denuding of the duff or organic layer at a minimum.

Soluable salts

derived from the ash of the duff leached into the soil causing an in-^
crease in the pH, mailable phosphorus, exchangeable bases, and total
soluable salts.

However, the organic matter and c/N ratio was decreased

to a depth of 8 to 12 inches.
Salminas soils from Hoberg's in the Coast Range and Hollaad soils
from the Teaford Forest in the Sierra Nevada Mountains in California
were used in a study (77) "to determine the effects of no bum, light

bum from an area burned bnroadcast, and a heavy bum at a spot where
f^-obris had been piled during burning.

The

unbxjmed soils assayed low

in nitrogen and phosphate as measured by the growth of lettuce and barley.
The potash supply was adequate so this precluded any measiire of changes
in this nutrient.

The heavy bum soils showed an increased nitrogen

supply over the light burned, and the latter over the unbumed soil.
The effect was greater in the surface soil than the subsoil. The
results were less pronoxinced on the two-year burn than on the oneyear bum. The Holland soil showed a marked increase in phosphate
but the Salminas soil did not. The reason given is that this soil
is a phosphate-fixing soil that ties up large amounts of phosphate
which are not readily available to plants (78).
Tests of change in pH from burning shoved only a significant

l6
effect from 6,0 to 7.5 and. 8.0 on the surface on severely b\n*ned areas

(8).
Microbial properties
Fuller, et al (35)^ found that microbiological activity of the
soil decreased slightly in direct relationship with the intensity
of the fireo

The ratio of bacteria to fungi increased in direct re*"

lationship with the extent of burning of the duff layer and soil
organic matter. Prescribed burning did not injure mycoirrhizae on
pine seedlings which are important for their growth.
Runoff and erosion
Very few studies have been made to measure runoff and erosion
from prescribed burning.

Biswell (8) found that on areas of light

bum, heavy bum, exposure of mineral soil by hand grubing, and
control plots, no runoff or negligible runoff occurred except where
the mineral soil was exposed.

Uncontrolled fires which bum the over

head foliage or tree crowns, accelerates erosion, especially where
the slope increases in steepness (23)•

On Hoberg's Forest in the

Coast Ranges of California, Biswell and Schultz (12) concluded after
observing a 75 inch rainfall between September 1^ to April 30 in 1955
to 1956 that no surface runoff and erosion followed a prescribed
burn because the partially decomposed duff and debris remaining
after prescribed bxarning was effective in maintaining high infil
tration and percolation capacity.

Wherever surfacr rvinoff occurred.

IT
it was clearly indicated to have taken place from roadS;, bulldozed
lanes, right-of-ways cleared to mineral soil, and bare skid trails
running directly down slopes.
C. SURVIVAL
Even thoiagh pine seedlings germinate, they may not siarvive be
yond the first growing season. Even thovigh light and temperature

are important in determining their sxarvival, moisture has been
given the greatest considenration as an influential factor (3,

3^,

T3).
Effect of moisture
A bare mineral soil usually has a higher moisture content than
a comparative area with a vegetative cover. During the time between
Jime 1 and August 15, Pearson (64) found that the moisture content
was higher on a denuded area than on a grassy area in depths of four
to nine inches. This is the cause Pearson attributed to the higher
svurvival rates on the denuded areas as compared to the grassy areas
in Table 6.
TABIE 6.

—

Survival of 3-year-old Nursery Grown Ponderosa Pine
Stock Planted May 2 in Natural Grass Cover and on De
nuded Spots (6^4-)

Grade~of
Stock
First
Second
First
Second

.

No.
Survival %
Plaxited
Aug. 1
(Planted in natural grass cover)
58
44.T
58
11.4
(Planted on denuded spots)
56
94.8
36
63.8

Oct.
^0.0
8.6
91.1
5T*2
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Tackle and Roy (73) found that at the end of the first growing
season, 42 per cent of the seedlings on "bare areas survived, while only
l6 i)er cent remained alive where the cover density was heavy (see
Tahle 7)*

The relatively low survival of 26 per cent on areas with

only light cover shows that even a small amoiint of competition is
unfavorable to seedling estahlishment.
TABLE 7»

Ground
cover
density
Bare
Light
Medium
HeavyAll

Ponderosa Pine Seedling Survival by Ground Cover
Density (73)

Years after seedfall
First
1+2
26
19
16
38

Second
39
19
10
9
30

Third
(Per cent survival)
36
13
6
5
27

Fourth
33
11
k
24

Effect of temperature
Pearson

felt that some type of shade may be beneficial.

He found that under tree crowns, soil temperature at a depth of 6
inches is commonly 10 degrees F. lower than in situations exposed
to full sunlight.

But this difference is most pironounced when the

sky is clear or nearly so; on cloudy days temperatures are the same
under tree crowns as in the open. He states further that a similar
effect is reflected in evaporation from a moist surface.
Generally, dark, moor soils heat up more than light, loose
soils which in turn heat up more than compact dry or clay soils.
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Surface soil temperatures ranging from I30 degrees F. to I60 degrees F,
have "been repeatedly noted in temperate climates in loose, sandy, and
especially dark-colored soils. Injury has been noted with maximum
ten5)eratures as lov as 120 degrees F« (23).

Thus, it is indicated

that after the topsoil cover of litter is removed, the danger of heat
injury to seedlings may be less.
Even though prescribed burning may aid in baring the soil for
higher survival of seedlings, the blackened charcoal resulting from
burning may increase the surface temperature to such a critical level
that the seedlings will be killed.

For example, Issac (it-5) found

that when the surface soil temperattire on the vinbumed or yellow
surface reached 125 degrees to I30 degrees F., very few, if any,
seedlings were killed.

However, the surface soil temperature on the

biack sxarface was 1^3 degrees F. causing half of the seedlings to
die (it3).
D.

JNITIAL GRCfWTH

The study conducted by Tackle and Roy (73) showed pronoiinced
effects of ground cover density on height growth of pine seedlings
(see Table 8).

The differences in height growth increased markedly

in the foxarth year, the average total heights for all seedlings on
bare, light, medium, and heavy cover densities being 5*6, 2.3^ 3.2,
and 2.5 inches, respectively.

Differences were compared by "t" tests

and were found to be highly significant between bare and light density
covers for all seedlings.
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TABLE 8.

Groiand
cover
density
Bare
Light
Medium
Heavy

—

Average Heights of Ponderosa Pine Seedlings, in Third
and Foijrth Years, by Ground Cover Density (73)

Third year
Ave. Ht.
Diff. and
Significance
2.8
HS
1.5
1.3
0.1
N
lo2
0.1
N
1.1

Fourth yeaj7
Ave.Ht.
Diff. and ^
Significance
5.6
HS
3.3
2.3
S
0.9
3.2
N
0.7
2.5

g
HS
highly significant
S « significant
N - not significant
From a study hy Vlamis, et al (78), pine seedlings grovm on the
burned soils showed nearly 50 per cent increase in weight over the
seedlings in the control-no-bum plots.

Height, stem diameter, and

number of lateral branches showed the same increase.

On a simiJ-ar

study of manzanita control by prescribed burning, ponderosa pine
seedlings made about 20 to 25 per cent more growth on soils from
heavily hvimed spots than from soils unhumed (8),
E.

LOGGING SLA5H BURNING

Even though the disposal of logging slash is necessary to
prevent uncontrollable conflagrations, loose slash may be of benefit
to young seedlings on bare soils by protecting them from extremes of
temperature, desiccation, and the competition of intolerant vegetation
(41, 93)•

However, heavy slash on sites that support a dense cover
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of herbaceoxis vegetation is likely to be detrimental to regeneration
because its presence stimulates the growth of vegetation at the expense
of the young tree seedlings (93)*

Also, dense concentrations may

intercept seed fall from above (63).
In forests of the Inland Empire, germination has been found to
be better on areas where slash has been burned than on areas where the
slash has not been disposed of because the seed has closer contact
with moisture in mineral soil than it has in the loose, usually dry
organic layer (63).

However, hot fires in thick accTjmul.ation of slash

may cause physical ^terioration of the superficial layers of fineteactured mineral soil and

soil on steep slopes (^1). Also, accum

ulation of charcoal increases the risk of damage to reproduction by
heat injury.
Even though broadcast slash burning covers the area lightly,
it covers the whole area and may thus have an adverse or beneficial
effect on the entire area depending on the intensity of the fire.
While the pile and bum, swamper, and spot burning methods of slash
disposal have a higher intensity of fire than the broadcast burning,
it only covers a small percentage of the total area (62),

CHAPTER III
STAUD IMPROVEMENT
A.

OBJECTIVES

The ohjectlve in managing any forest for sawlog products is
to maintain the growth rate as high as the quality characteristics
will allow.

In the evenaged ponderosa pine sapling and pole stands,

the rate of growth decreases "because of their high density. For
example, it was found in Arizona that an area, which contained 5,000
stems per acre and included an overstory of 7OOO hoard feet of saw
timber 12 inches diameter breast high and over, should have contain
ed only 800 to 1000 stems per acre to maintain maximum growth (^4-4).
Almost all forms and degrees of thinning of dense ponderosa
pine stands have been beneficial in increasing the net growth (28).
Mowat (60) found from thinning in the Pacific Northwest region that
diameter growth of crop trees can be Increased about 30 to I50 per
cent.

Thinning also accelerated height growth, but to a lesser

degree.

In Western Montana, height growth of the dominant and co-

dominant crown classes was significantly increased by 19 to 31 per
cent (71)*
Gaines and Kotok (36) found in the Southwest that if a precommerclal thinning is made in a sapling stand in anticipation of an
early cordwood thinning, about 6OO trees per acre should be reserved,
since this many can be carried to a 7 inch diameter breast high.
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In pole and sawtimber stands a reserve of 80 sqixare feet of basal
area per acre should be left to grow to l60 sq.uare feet of basal
area of matiire timber.

On better than average sites, pole-sized

stands thinned to 80 square feet of basal area will grow to 120
square feet (50 trees at an average of 21 inches diameter breast
high) in about 120 years. At this time another thinning will be
needed. Degree of thinning should be fairly radical where only one
operation appears feasible for several decades.

If possible, thinning

should stairb when stands are only 2 to 5 feet high to lower costs and
avoid stagnation (60).
I^ynch (55> 56) states that in the Inland Empire, height retar
dation was found to increase in second growth ponderosa pine as
stocking increased above 100 per cent and to increase as site in
dices decreased below site index 75*
Similar results in increase of net growth after release have been
observed by Curtis (27) in central Idaho.
B.

SURVIVAL

Relative susceptibility of
tree species to fire damage
In areas of mixed species, ponderosa pine has shown less damage
and a higher survival percentage than other tree species such as
Douglas fir, white fir, and incense cedar (50, 80, 02). Sugar pine
is highly resistant to fire but not as resistant as ponderosa pine.
Under a certain intensity of fire, the associate species may thus be
decreased as serious competition to ponderosa pine.

2k
Crown Scorching
Survival possibilities are strongly correlated with the vigor
of the tree before the fire, and vigor is influenced both by the age
of the tree and the quality of the site on which it is growing« Wagener (79) also states that bud kill is much more important in deter
mining survival chances than foliage kill.
The percentage of crown which is killed by a fire determines
whether or not that tree will survive. Table 9 shows the results
of a wild fire in a 40 year-old-stand of ponderosa pine whose di
ameters ranged from 2 to 12 inches (65)»

Mortality was only 6 to

2k per cent when less than 80 per cent of the crown was burned®

was also determined that 50
injury was only 50

It

cent of 2 inch trees died when crown

cent, yet no 3 inch trees having less than

20 per cent crown injury died during the first year after the fireo
Few trees ^4- inches diameter breast high or larger died unless crowu.
damage was greater than 80 per cent (57)«
TABLE 9*

—

The Effect of Ponderowa Pine Tree Crown Burned on
Mortality (57)

Crown burned - percent
0 - 2k
25 - k9
50 - 59
60 - 69
70 - 79
80 - 89
90 - 9^^
-100

Mortality - percent
ll^J6
20
2k
20
63
100
100

Small sajuple may have caused poor presentation of areao
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Herman's study (^2) of a wildfire in Arizona shows that all
trees with less than half the length of their crown killed were
alive 16 months after the fire (see Table 10),

In contrast, where

more than 60 per cent of the crown had been destroyed, only 36 per
cent were living.

Herman felt that even if the fire does not go

into the crowns, sizable portions of the crowns are killed.

Table

11 shows that even the surface and gm^und fires, which did not
reach the crowns, produced enough heat to damage the crowns and
therefore decreased the sxirvival.
TA3IE 10.

Crown killed
in fire - ^
0
1-20
21 - 40
kl - 60
61 ~ 80
81
TABLE 11. ~

Wo. of
trees
40
40
40
kS
32
35
Survival2

Trees alive I6 mos. after fire
Number
Percent
40
100
40
100
40
100
94
45
IT
53
20
7

in Relation to General Intensity of Fire
(42)

trees
20
38
31

Trees alive 16 mos. after fire
Percent
Number
80
16
42
16
11
3?
•

0

0

Character_of
fire-^
Light
Moderate
Severe

Survival of Ponderosa Pine Trees in Relation to
Length of Live Crown Destroyed by Fire (42)

Of study trees with 50 percent or more of length of crown
killed.
Character of fire:
Light - surface
Moderate - ground
Severe - ground and crown
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stocking
The smaller the tree the less chance it has to survive.

This

has already been shown in the effects of crown scorching on survival
percentage.

Show and Kotok (70) in 1923 found from observing the

results of a light fire in the Sierra Hevada that 22 per cent of the
younger trees between the diameter breast high of 2 to 8 inches
lived.

While less than half of the stems 4 inches diameter breast

high or larger were killed, 97 per cent of the seedling under 2
inches in diameter breast high were killed.

However, this still

left an equivalent of 676 stems per acre (see Table 12).
TABLE 12.

—

Effect of Light Fire on Ponderosa Pine Tree Size (70)

Diameter of trees
breast high
under 2 inches
2
3
k
5
6
7
8

Total
No.
230
2kl
96
31
16
if
7
3

Total killed
Number
Percent
222
97
188
78
53
55
±h
^5
hk
7
1
25
3
^3
0
0

A comparison between a September and an October burn was made
on the Blue Mountain Plots, Fort Apache Indian Reservation, Arizona,
to determine the effectiveness of thinning (37)*

The ground was gen

erally flat, the soil was heavy, and the stands were unevenaged and
variable in density.
burning.

Table 13 shows the average fuel weights before

Weather conditions were quite different on the two days.

The plots burned In September had higher fuel moisture and higher
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relative humidity.

The air was cooler and the wind was stronger and

steadier than for the October "bum (see Table 1^).
TABIB 13•

—

Average Fuel Weights Before Burning, Blue Mt. Plots
(37)

Size of
fuel ^

Check
plots

Large
Medium
Small
Total

3.81
6.94
15.2k

Plots burned
in Sept.
(Tons per acre)
8.00
3.08
6.21
17.29

Plots burned
in Oct.
3.73
1.40
4.83
9,96

Large Fuel: Wood In pieces with maximum diameter 12 Inches
or more.
Medium fuel: Wood In pieces with diameter limit 2-11 In
ches.
Small fuel; Wood In pieces with mEixlmum diameter less than
2 Inches, plus needles, dead grass, cones, and partly rotted wood.
TABLE l4.

—

Fire Weather Conditions on the Two Days of Controlled
Burning Blue Mt. Plots (37)

Burning conditions
Hours of burning
Air temperature
Relative humidity
Fuel moisture
Wind velocity

Sept. burn
Oct. bum
10:00 a.m.-3:^0 p.m. 12 noon-3:30 p.m.
59°F*"'67°f .
73°F .-75°F .
62^ - 37%
19^ - 179^
1^.0^ - 11.6^
10.0^ - 8.5^^
I8 - 25 m.p.h.
3 - 1 2 m.p.h.

Weather conditions during the October burn caused the intensity
of the fire to be higher and thus killing a higher porportlon of
trees (see Table 15)•

Practically all seedlings were killed on

both burns; few trees less than 3 or ^ feet high survived.
Damage on the individual plots was in direct proportion
to weight of fuel. From a co-variance analysis, the correlation
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"betveen fuel weight and percentage of saplings and poles killed
(size kept separate in the analysis) was significant at the 95 per
cent level and fuel weight accoxinted for 52 per cent of variance
within burning dates.

Difference between the two bums showed

statistical significance in both sapling and pole classes,
TABIE 15 •

Tree
size
class
Seedlings
Saplings
Poles
Sawtimber
Total

-

Effect of Prescribed Bum on Ponderosa Pine Timber
Stand (37)

Trees per acre
September bum
October burn
Before After Reduction
Before After Reduction
(Number)
(Percent)
(Number)
(Percent)
229
h800
8
99
1^55 1776
63^
3292 775
7^5
363
351
3^
292 186
265
23
23
21 20
5
5W 2154
6lP
4365 989
77^

5

Difference between September and October burns significant at
1 per cent level.
between fuel weight and percentage of saplings and poles killed (size
kept separate in the analysis) was significant at the 95 per cent
level and fuel weight accounted for 52 per cent of variance within
burning dates.

Difference between the two bums showed statistical

significance in both sapling and pole classes.
An attempt was made to show the effectiveness of thinning on the
two burned areas (Table l6)«

Gaines, et al, (37) concluded that the

September bum had little silvicultural effect on the stand.

The

3j>300 stems per acre killed were mainly in the suppressed understory.
The October burn did some effective thinning in pole and sapling
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stands, "but this "benefit was more than offset in the area on which
needed crop trees were either damaged or completely killed.

Much of

the area claased as effectively thinned was in the zone between areas
completely killed and those still overstocked.
TABIE 16,

Effect of Controlled Burning on Stocking of Ponderosa
Pine by Broad Stand Classes, Measured 2 Years After
Bixming (37)

Stocking
Stand
class

Effect of
burning

Unstocked
(before burning)
Sawtimber"
Killed
Damaged
Unaffected

_
Stan^^Cla;ss
Total Area
Sept. bum Oct. buj^n Sept« bum'!r°^dct» bum
(percentT
10
28

27
0

3
100

Pole and
sapling'

62
Killed
Bn^ficted
Effectively thinned
100

Total

7
7
86
100

66
25;

100

100

51

100

Sawtimber class includes mature stands with no understory and
immature sawtimber stands with or without understory.
7
\^ole and sapling stands include stands that leave a mature
sawtimber overstory.
g
Difference between September and October burns significant
at 5 percent level.
Difference between burns significant at 1 per cent level.

10,Total difference between bums significant at 1 per cent
level.
The fire had a certain effect on the gmss density which was
in the understory.

The density of mountain muhly (MuJilenbergia

30
montons) dropped from about JO per cent of the total gi^sB density
before bviming, to about 60 per cent two years later on both bum
areas.

There was a 400 to 500 pei* cent increase in proportional

density of squirreltail (Sitanion hystrix) on both bums (37).
Morris and Mowat (63) determined that the number of 2, ^I-IO
crop-tree competitors per acre was reduced to 895 per acre, a re
duction of 63 per cent (Table 1?)^ immediately after a prescribed
btjrn on the Colville Indian Reservation, Washington. Also, the
basal area of competitors decreased 37 per cent. The study (59)
was conducted in a virgin, unevenuaged overstory with open spaced
occupied by dense thickets of young growth, most of which were about
20 years old.

Number of stems averaged 2,500 per acre, but varied

up to as many as 12,000 per acre. There was a sparse ground cover
under the ponderosa pine stand before burning, consisting principally
of pinegrass, with a few weeds such as lupine and balsamroot and low
semi-shrubs such as spiren (59)•
During the 7 year period after btarning further mortality re
duced average numbers of competition per acre from 895 "to 69O.
fire was severe enough to scorch all tree crowns except one.

The

For

all crop trees, aversige crown scorch was h6 per cent. 5I per cent
of the dead crop trees on the bxxm had their crowns scorched 95 "to
100 per cent (59)*
Aside from the study conducted at Blue Mountain Plots, Fort
Apache Indian Reservation, no other study has tried accurately to
determine the distribution of the stocking reduction.

Weaver (86),
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from aerial observations, stated, that on the 65,000 acre study in
Arizona which had been presci^bed burned, there was a total of only
15 acres which had been severely thinned. Areas of 0,05 "to 0,1 acres
in size of severely thinned spots were rare.
TABIE 17*

' Stand Statistics for the Colville Prescribed Burning
Study Before and After the Fire (59)

Burned area
Before fire After fire
1950
19h2
19h3
Crop trees
No. per acre
••
Ave. d.b.h.(in.)
••
Ave. ht•(ft•)
••
Competitors of crop trees
No. per crop tree
17.3
2^4-10
No. per acre
Ave.dia., 1 ft. level (in.) 2.2..
Basal area per acre(sq.ft. ) 62
Total stand, per acre:
No.
2550
Basal area (sq.ft.)
76

95
3.2
15.1
6.5
895
2.8
39

1035
52

Unbximed
area
19if3 1950

22A

114
3.1
lii-.^

111
h.l
21.3

5.0
690
k,2
66

22.5
3120
2.0
69

20.5
2850
2.6
105

830
92

3260
80

2990
12?

83

From spot burning and broadcast burning experiments conducted
in California by Vlamis, et al (76), the hot bum treatment, achieved
from spot burning, resulted in covering no more than 5 pei^ cent of
the total area.

These hot spots were made in the open and thus

caused no appreciable damage to the stands.
C. GROWTH
Effect of stocT<'iTig reduction
Morris and Mowat's study (59) OQ the Colville Indian Reserva
tion shows that on th^ bmmed plots, both diameter and height growth
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exceeded that on the xmhtimed plots (Tahle l8). When average diam
eter "breast high for both treatments were combined, growth for bu2med
plots svtrpassed that for tmbxrmed plots by 0.4 inch, or by 36 per
cent, which is a highly significant difference.

When adjusted to

avei^e initial height and previous grow1;h rate, height for burned
plots exceeded that for unburned plots by 0,5 foot, or 7 per cent,
which is a significant difference.
TABLE 18,

—

Average Growth of Ponderosa Pine Crop Trees on Burned
and Unbumed Plots 19^3-1950 (59)

Measuire of growth
Fire-scarred trees
on bum included;
D.b.h. (inches)
Height (feet)
Fire-scarred trees
on bum omitted:
D.b.h. (inches)
Height (feet)

Burned

Unbumed

Excess on
burned

]n
F

1.5
7.9

1.1
7.4

0.4
0.5

68.7
6.0

1.5
8.2

1.2
7.5

0.3
0.7

29.1
13.?

at the 1 percent level of probability is 6.7 and at 5 per
cent level is 3•9*
Another study (Qk) on the Colville Indian Reservation was made
to compare the girowth on a fire thinned ponderosa pine area and on a
check sirea, both stands being

years of age.

The study area was a

second growth stand, mostly in the reproduction stage with a few
scattered mature trees.

Most of the saplings were 10 to I5 feet in

height, with only occasional dominants sti*uggling above the general
crown level. In openings and under the trees in the fire thinned area,
the ground was covered by a dense stand of grass of which cheatgrass
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and "beardless wiieatgrass were the principal components.
The average tree within the unhxamed 40-year age class was
only 1.7 inches in diameter at the one-foot level and only 12.3 feet
in height, while the average tree within the fire-thinned i+O-year
age class was J.k- inches in diameter and 32.2 feet in height (see
Table 19)*

Tb,e largest dominant fovind within the fire-thinned stand

was approximately l6 inches in diameter and 55 feet in total height.
TABLE 19. ~

Comparison of Stocking and Growth of Ponderosa Pine
on Bvimed and Unburned Areas

Dia, at the
1 ft. level
Fire-thinned
ii-O-year age
class
Unburned ^0year age
class
Restocking
in bxini
17-yea'r age class
8-year age class

Ave. Stocking in
Total
ht. trees per acre basal area

7.^

32.2

1100

335

1.7

12,3

14800

23^

2.9

13.0
2.7

1530
2700

70
2.3

jRefers to reproduction groups that have developed since the
bum.
Weaver concluded from this study that the biaming was most
successful in stands of sapling to small pole size, where the ma
jority of the suppressed and intermediate trees were eliminated
leaving the majority of the dominants and co-dominants,
Morris and Mowat (59) foxmd from this same study that the
basal area increased 25 per cent faster on bvimed plots than on
unburned plots, which was a highly significant difference.

After

3^
o'bsejrvi.ng tlie growth on the two areas for seven years (see Table
17), they found further mortality had reduced the average number of
competitors per acre from 895 "to 69O, but the basal area had ln°
creased above that present before burning.

Humber of competitors per

acre in the unbixraed stand decreased from 3^120 to 2,850 and the
basal area increased 52 per cent. As a result, basal area competi
tion in the bum was only 66 per cent of that in the unbumed stand.
Effect of ground vegetation reduction
A decrease in the gro\and vegetation may increase the growth of
residixal trees.

On the Warm Springs Indian Reservation in Oregon,

dense clvuaps of pine reproduction are characteristic of the drier
sites and

elevations.

Doviglas fir reproduction comprise an

almost universal understory over the timbered northern portion of
the reseirvation. Further south and west of the Tenino and Metolins
Benches, cedar reproduction predominate.

With increasiiag elevation,

n©.nzanita (Arctostaphylos parrzema var. pinetorxim) and snowbiTxsh
CCeanothxis velutinus) replaces the bitterbrtish (Purshia Tridentata).
White fir reproduction is predominant at some of the higher elevations
in the mixed pine-fir type. In 1938, 100,000 acres, which included
20,000 acres of the area described above, was burned (92). A study
by 'frnx Sickle and Hickman (75) attempts to show the effect of under
story competition on growth between the unburned area and burned
ajcea 20 years after the bum.
Table 20 shows that the reproduction and brxish were lower in
density on burned than on the unbumed area, while grass (herbaceous
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plants) was sll^tly greater on the "burned area.

However, total veg

etation was lower on the "burned than on the uhbumed area.
TABLE 20.

—

Summary of Vegetative Cover (75)

Gro\ind cover points
Tree points
Num,ber
Percent
Brush points
Number
Percent
Grasses
Number
Percent
Barren
Number
Percent

Burned

Unbumed

3^

127
15.9

6k
8

236
29.5

199
2k,9

92
11.5

502
62.8

3^5
k3.1

After adjusting the average growth rates on regression by use
of a covariance analysis of first and third deceides diameter incre
ment, a difference of 0.27 inch was found between the burned and unbumed areas, which is statistically significant at the 95 per cent
probability level (Table 21). Therefore, the trees on the burned
area were growing 66 per cent faster than those in the vtnbumed area
in the most recent decade.

No correlation could be made between

ground vegetation reduction and tree growth because of too many unmeastired variables.
BlBwell (8) fotind in California that repeated burnings of the
ground cover appeared to be insignificant in effecting the basal
area growth of ponderosa pine (Table 22). The study was made on the
seune plots which were used to determine prescribed burning effects
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on soil fertility in California. Two of th.e plots had been burned
annually for five years and the otber four had been burned only once.
Measurements were made in February, 195and again in early May, 1959.
TABIE 21.

Summary of Ponderosa Pine Growth by Decades (75)

Growth (average)

Burned

Unburned
(Inches)

1st Decade (19^4-8-1957)
2nd Decade (1938-19^7)
3rd Decade (1928-1937)
Adjusted 1st Decaide
Ratio of growth in 1st
decade to growth in
3rd decade
TABIE 22.

11 Burned
l4 Burned
12 Burned
13 Burned
15 Burned
16 Burned

—

.40
.35

.70
.39
.68

.hi

187^

Effect of Repeated Burnings on Ponderosa Pine Basal
Area Increase (8)

annually
annually
once
once
once
once

Basal Area
195h
267
2kk
219
263
239
IT?

Basal Area
1959
280
268
220
274
266
201

Percentage
Increase
k,6
9.8
0.5
4.2
11.2
14.9

D. FIRE SCARS
The influence of fire in scarring the stems or butts of the
logs is Important.

Fi^m visual observations, the scars may not be

seen for many years as the external bark may hold on after a bum
(49)«

From Morris and Mowat's study (59) on "the Colville, 20 per

cent (16.5 trees per acre) of the total crop trees living in 1950
had noticable fire scairs.

On unburned plots, losses averaged 12
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trees per acre, or 12.7 per cent of the initial nuniber (see Table
17)•

Dtiring the seiine periods, 3 trees or 2,6 per cent of the crop

trees, died on \mb\amed plots.

Also, in confutations when fire-

scarred trees were omitted, average height growth was increased from
0.5 feet to 0.7 feet, or 2 per cent,

Munger (61) in 191^ found that repeated light fires in Oregon
increased the size of the fire scars and that because old trees would
b@ subject to the greatest number of these periodic sxjrface fires,
oldest, which would also be the largest pine trees, would die, causing
a large loss in volume per acre,
E.

LOGGING SIASH BURNING

The type of cutting system carried on in the ponderosa pine
forest govenas the method of slash disposal. If the areas are clear
cut in large blocks, broadcast burning may be applied without causing
any damage to the forest, providing no seedlings and saplings are
left on the clear cut area.

If the areas are cut by single tree or

group selection methods, broadcast buniing will almost always injiore
the reproduction and the residual stand to some extent.

Methods such

as piling and burning, swan^jer, and spot burning cause less damage
than broadcast burning (62),
F,

SUSCEPTIBILITY TO INSECTS AND DISEASES

Fire may weaken the mature trees to the point where insect and
fungi entry is possible.

Herman's study (^2) shows that of the ^0

per cent and more of the crown burned trees where bark beetles were

38
present, less than one-fourth of the trees lived in comparison vlth
a svurvlval of over one-half where bark beetles were absent.
Many times, fire kills the sapwood at the tree bases, and, in
the healing process, calluses form beneath the bark ajround the edges
of the killed area and force the old bark away from the dead sapwood.
The bulging growth of the calluses and di^ng out cause the bark to
crack and drop off in pieces until finally the sapwood is exposed
to insects and fungi (^9)«
It was found at Hoberg, California, that prescribed burning
did not injure the sound trees to any extent where insects could
gain entry (8).

CHAIT!ER rV
PRESUPPEIESSION AID
A. FOREST FUEL
Types of fuel
Generally, there are two types of fuel in the forests:
and aerial.

ground

Ground fuel may consist of unincorparative organic matter,

litter, grass, shruhs, seedlings, or fallen debris such as twigs and
snags. Aerial fuel usually consists of trees, snags and other vegetation,
dead or alive which is above the general level of the ground fuel.
Fires in aerial fuel may be entirely independent of ground fuels or in
combination with the ground fuel.

The latter is most common in the

ponderosa pine region because of the open, unevenaged forest stands.
It is highly important that these fuels, excluding the mature ponder
osa pine, be kept at a minimum in order that wild fires be easily con
trolled and that cost and damage be kept at a minimum.
Effect on reducing fire hazard
Reduction of fuels.

Referring to Gaine's, et al (37); study on

the Blue Mountain Plot in Arizona, two bixrns, one in September and
the other in October, were about equally effective in reducing groundlevel fuels.

However, trees and needles killed but not consumed by

the fire added to the fuel and thereby partially offset consvimption
of previous fuels (Table 23). For example, the good cleanup of heavy
fuel in the October burn was partially offset by an actual increase
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l+o
of mediiim fuel.

Also, there was a large increase in the amount of

standing dead fuel fo3J.oving the October bum, but a definite decrease
on the September bum,
TABLE 23.

—

Effect of Prescribed Fire on Fuel Weights (37)

Size and position
of fuel
Ground level fuel;

Weight of fuel change
Sept. bum
Oct. bum
(percent)
-63i

Small
Standing Fuel
Large
Medium
All fuel
Large
Medium
Small
Total

-72
-65
'hd

-i+6
tl952
-51
-15^

"Difference between September and October bums significant at
5 percent level
Difference significant at 1 percent level
The September burn was more effective and more unifomi than the
one in October in reducing total fuel (standing plus ground). The
variable effect of the October burn is emphaxized by the big increase
in medium fuel and the i^iftcrease of all. fuel sizes on plots burned in
>•' •

September.
Weaver (87) estimated that lighter fuel, consisting of fallen
needles, cones, branches, and partly disintegrated wood, on the 65,000
acres of prescribed burn land on Fort Apache Indian Reservation in Ar«izona was reduced 55 per cent by weight, and heavy fuel, including
snags, windfalls and stumps, was reduced 6^ to 80 per cent by cubic

14-1
foot volume.
Table 2k shovs the amount of needles and lower duff removed in
the California pine region by a single prescribed burn (8)«

Total

pine needles were reduced by more than 50 per cent, however, leaf mold
was reduced by less than 15 per cent.
TABLE 2ha

—

Sample
No.
1
2
3
Totals

Percent Consumption of Needles and Lower Duff by a
Broadcast Bura (8)

Layer
Pine
Leaf
Pine
Leaf
Pine
Leaf
Pine
Leaf

needles
mold
needles
mold
needles
mold
needles
mold

Grms. per sq. Grms. per sq. Percent
ft. before
ft. after
loss
burn
burn
54.00
62.25
135o25
2.00
604.75
574.50
105.00
65,00
37.00
23.00
629.50
483.25
117.10
55oOO
52.75
14.30
6k2,25
550.25
117.10
55.00
52.75
14.30
642.25
550.25

Amount of fuel reduction by prescribed burning varies with the type
of fuelo

A study (8) in the same area in California shows that in

areas of old logs and stumps, the volume removed may be very high, while
in standing manzanita, the actual fuel weight removed may be rather
small. Table 25 shows the pounds of woody material on ground after
successive broadcast burns.

Biswell (8) states that it is too danger

ous to remove most of the fuel in a single burn and that successive
bums are safer in removing small amounts of fuel with each burn such
as shown in Table 25.
Humber, damage, cost, and acreage. Prescribed burned areas may be
effective in reducing the number of fires started, number of acres
burned, cost of control, and damage to the forest.

Comparisons have

k2
been made on the 65,000 acre prescribed burn to the untreated area on
the Fojrt Apache Indian Reservation in Arizona (45, 87),

On this area

the forest consists of reproduction, inmiature, and mature stands.
Occasional associate species encountered are Mexican white or •^imber
pine (Pinus flexilis var. reflexa Engelm.), Douglas fir, and white
fir.

At higher elevations aspen (Populus tremuloides Michx.)

also found in various mixtures.

is

At lower elevations the stand is

much lighter, and alligator bark Juniper (Juniperus deppeana Steud,)
becomes an associate in the reproduction stand.
TABLE 25.

—

Poiinds of Woody Material on Ground After Successive
Broadcast Bums (8)

Subplot Before 1st
10 X 10
b\im
feet
2-4-55
(est.)
65
177
120
67
(40)
76
83
77
80
(13)
Total per
acre
28144
2766-^
Percent
reduction

After 1st
bum

After 2nd
btim
12°2--56

(est.)
182
125
(20)
79
(15)
27080
2653^

Before 3rd
bum
2-5-58

(est.)
142
94
(17)
55

(6)

23579
21

125
123
86
69
72
23000

After 3rd
burn
(wt.)
1J.4
82
60
33
40
(est.)
16000
31

Living manzanita
^Percent reduction from previous amount
By comparing wildfire statistics before and after the prescribed
b\irn, the prescribed burning may be credited with an 82 per cent re
duction in number of fires, a 94 per cent reduction in area burned,
and a 65 per cent reduction in size of average fire over the 3 years

i+3
between 19^ and 1951 (Table 26) (^5).

It was only necessary to con

trol 8 fires on the prescribed burned area in 1951^ or a total of fi
acres which comprised a mere 0.8 per cent of the total acreage bumed
02. the reservation (87) •
TABIE 26.

Period

—

Reduction in Wildfire Attributable to Prescribed Burning
-in Virgin Ponderosa Pine, Fort Apache Indian Reservation(45)

Ave. annual no.
fires per 1000
acres protected
Prescribed
burned Untreated
( n o . ) ( n

Before
treatment
(19^1^-1958) 0.620
0.273
^ter
treatment
(1951-1953) 0.108
0,261
Reduction
Gross
82.6^
4.1+56
Attributed
to treatment

Ave. annual area
Size of
bunaed per 1000
ave.
acres protected
fire
Prescribed
Prescribed
burned Untreated
binned Untreated
o . ) ( a c r e s )
~
10.57

6.18

17.05

22.66

0.09

0,83

O.83

3.18

99.1?^
9h<^

86.6?&

95.1?^
6%

86.0^

Between the years of 19^5

"

1955# comparison of treated with

untreated areas on the Colville Indian Reservation had resulted in the
following reductions on an average per fire basis:

Number acres bumed,

89»89 per cent; damage, 94*28 per cent; cost of contixjl, 79*21 per
cent.

By comparison, on an average per 10,000 areas protected basis

'.Table 27), over twice as many fires occurred on the treated areas.
This difference was not statistically significant because areas of
highest lightning fire incidence were included.

The number of acres

burned was reduced by 77*86 per cent but was not statistically signi-

hh
fleant.

However, the reduction of 87»^7 per cent and 5^«52 per cent

of damage and cost of control, respectively, was statistically signi
ficant at the 95 per cent level of probability (90).
TABIE 27-

—

Comparison of Untreated and Treated Areas Based on
Average per 10,000 Acres Px^Dtected on the Colvllle
Indian Reservation, Washington (90)

Untreated
Treated
Percent reduction on
Inc rease-t reat ed
compared to untreated

Average per 10,000 acres protected
Ko. fires
Ho. acres
Damage
Cost
burned
Control
oTWf
13.321
31.12
99.98
0.978
2.9^9
3.90
218.79

11,QG

87.^7

5^.52

The ease of control of wildfire may be shown by the comparisons
of two areas In California, one treated and the other partially trea
ted.

On the treated area, which had 2,6l4 pounds of pine needles per

acre, wildfire was controlled with ease by use of a single back pump.
Ho damage occurred to the bark or to the pine needles on the trees.
However, the partially treated area which had. 15 tons per acre of dead
material composed of manzanita and pine slash wildfire was controlled
with difflctilty.

The fire moved from the treated portion into the

untreated area where it killed a vast majority of trees which were
mostly 6 to 8 inches or less in diameter (9).
Biswell (8), on a day in June when the relative hxamldity was 61^
per cent and the air temperatvure was 60 degrees F., threw lighted matches
into areas which had been prescribed burned and into areas which had
not been treated. He observed that on treated areas, where the needle

fuel was less than 500 pounds per acre, most of the fires were small
or went out while many of the lighted matches on untreated areas, where
needle fuel was 11,000 pounds per acre, developed into fires which
rapidly expanded.
Snags.

Standing snags are a high fire hazard.

Many proposals

have "been made as to the best method for their disposal {Zhf 46, 70,
87 )•

The base fire method which has perhaps received the widest use,

is applied in the winter time to the base of the snag when they are
more than 4 years old and are sufficiently decayed {hS),
Prescribed biarning may consume thousands of snags and windfalls
such as on the 65,000 acre test area on the Fort Apache Indian Reser
vation in Arizona (87),

However, studies of Gaines, et al (37) show

that prescribed burning may increase the number of snags on an area
as shown in the comparison of September burning versus October burn
ing in Table 28.
TABLE 2 8 .

Time of
burning
September
October

—

Effect of Controlled Fire on Number of Snags (37)

Before
burn
2.5
0.4

Snags per acre
After
bum
1.1
1.1

Change
-1.4
+0.75

Difference between September and October bums significant at
1 percent level#
Renewal of fuel after fire
As has already been shown in Gaines*, et al, studies (37) pre
scribed burning will not always reduce the fuels but may increase them.

k6
Where studies do show favorable resvilts in reducing the fire fuels,
the question of how long this reduction can be maintained must still
"be answered. Show (69) in 1915 stated that two and one-half years
after light "bxarning on the Shasta National Forest in California, the
amount of Inflamable material had "built up to such a point that it was
actually 50 per cent greater than on adjoining unburned areas.
Biswell (8) states that once an area is thinned to proper stock
ing and cleaned by burning, heavy fuel reaccumulates very slowly.

A

study on 6 thinned plots and ^4- check plots show the dead material that
accumulated over a 6 year period. The results in terms of oven-dry
pounds per acre are as follows:
Thinned Plots
1
1925 lbs./acre
2

Unthinned Plots
T
2799 lbs./acre

h6

30

k

0

5

1773

6

0

8

257^

9

6326

On plots 1 and 5^ 8- single tree died, which accoimts for the heavy
fuel on these plots.

But otherwise, most of the desui trees were found

on the unthinned plots.
B.

LOGGING SIASH

Ob.lective
The disposal of logging slash greatly decreases the fire hazard.
Weiaver (87) found, by comparing 3 of 90 fires started by dry lightning
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storms on the ni^t of August I5 and I6, 1953> on the Colville Indian
Reservation, that the cost of contirol, damage, and number of acres was
less on the intensive slash "burned area than on the unburned area. The
numher of acres, cost of control, and damage from one fire in the logging
slash was 582, $6,407"^ and $3^805 respectively, while from two fires in
the treated area was 213, $1,^27, and $391 respectively.
Compared to some other species such as western larch (Larix occidentalis Nutt.) and Douglas fir, ponderosa pine has a low rate cf fire
spread because of the wide spacing of fire fuel components due to the
bi«.nching habit of the species and to the concentration of much weight
in heavy branches (63)*

However, pine holds its needles for 2 to 3

years and thus, some fire hazard renains after the first year while
the fire hazard decreases in other species (35)®
The objective in areas of heavy accumulations of logging slash
is to dispose of it as soon after logging as possible.
Effectiveness of methodsi
In broadcast burning, the fire covers the whole designated 2.ogging
area. However, unless the slash is evenly distributed, the fire will
not reach all parts of the area. Also, many of the heavy branches,
even though the fire reaches them, are not entirely consumed.
Spot burning consumes only the slash in heaviest concentrations
(^1).
Swaniper bviming and piling and burning constime a higher percen
tage of total slash weight than broadcast or spot burning. Proper
piling of the heavy limtos assures their complete consumption by the

fire. The effectiveness of piling and bximing in reducing the fire
hazard is evidenced "by a loss of only 0.01 per cent of the total area
under protection so treated on national forests (93)*
Fire versus natural decay
The use of fires in insect and fungi slash infestations may be
"both harmful and beneficial.

Many fxangi such as Polyporus anceps,

Pol^TJorus abientinus, and Lenzites saepiaria help in increasing the
decay of the slash, especially if the slash such as tree tops are left
unlopped (38>

93). For example, Folyporus anceps is the major

cause for red rot and is responsible for an estimated 15 to 25 per cent
cull in southvesterm ponderosa pine (38)*
Slash is significant as a source of insect infestation only when,
as a result of cutting suspension, green slash is not continuously
available. For example, beetles wiH transfer to ponderosa pine re
production, saplings, and poles, when green slash is xanavailable (63;,
93).
Thus, slash may be left for fimgi and insect infestation to de
cay, but if the infestations reach epidemic stages and provide a dan
ger for the live trees, the slash should be burned.

CHAPTER V
METHODS OF APPLICATION
A. IRTENSITY OF FIE?E
The relative intensity of the fire determines the success of the
prescribed burn.

When the rate of fire spread for the specific fuel

type and weight is known under certain weather conditions, firing may
be timed when the weather conditions are such that the desired effects
can be obtained.
Unfortunately, the climate and physiology are not the same
throughout the ponderosa pine region. Even in a particular locality,
fuel weights and weather conditions vary from year to year. The fol-*
lowing survey will give the conditions imder which firing has been
done in the ponderosa pine region.
General weather conditions
Generally, the weather should be di^ and cold.

Four factors

which must combine in such a way to produce dry and cold climatic
conditions are fuel moisture, relative humidity, air temperature, and
wind velocity.

The rate of spread increases as the wind velocity and

air temperature increase, while the relative humidity and fuel moistiire
decreases (26),
The most critical time, when all thede factors combine to cause
the treatest rate of spread is at midday - between 10:00 a.m. and i4-:00
p.m. (26). Even though the conditions for burning are better and safer
^9
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during the night, the poor visibility makes it difficult in organising,
setting, anxi patrolling the bum. Thus, even though the conditions in
the day time are not as favorable as those at night, most operations
should be carried on during the day light hours.
The seasons during which the most favorable dry and cold weather
may be obtained is during the late fall, winter, and early spring.
Usually, soon after the first i«,ins in the fall, the moisture conteat
of the fuel approaches a point where it is not too damp for it to ig
nite and also is not too dry for damage to be caused to the soil by
the fire. The thickness of the duff and needle layer detennines whether
a rainfall has given the desiirable conditions.

Usually the duff should

be completely wetted to the mineral soil, and then a duration of one to
several days should be allowed for the top half of the duff layer to
dry in order for it to carry the fire (8, 76).
In Califoraia, deep accumulations of pine needles may need 2 or
3 inches of precipitation to wet the duff to the mineral soil (8).
However, in areas previously burned, one-half inch or so of rain might
be sufficient to wet the duff and upper mineral soil.
Specific weather conditions
Fuel moisture. The fuel moisture conditions obtained after a
rain are desired in all parts of the pondeirosa pine region.

However,

in some areas such as Arizona, it may be possible to burn if weather
conditions besides fuel moisture are proper before and during the
firing.

If the nights are cold and frosty, firing may occur onfol-
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]pwing days if the fuel moisture is above 7 per cent (^<4, 87),

Generally,

6.0 to J,0 per cent may "be considered the minimum for fuel moisture
throughout the region. Gaines, et al (37)^ had good results with a fuel
moisture of 11«6 to 1^.0 per cent»
Air temperature.

It is desirable to have the air temperature low

during the firing. The maximum air temperature should be no more than
70 degrees F. in Arizona (44).

Successful burning has been done when

the temperatiire has been as low as 35 to 50 degrees F. For burning
studies in California, the temperatiire has averaged around 65 degrees
F. (7)«

In Washington, the maximum temperature has ranged near 60 to

80 degrees F. dujcing burning (83).

Relative humidity.

The reactive humidity has had a wide range

in different studies throughout the region.

In Gaines, et al, (37)

study the September bum, having a relative h\amidity of 37 to 62 per
cent, gave better results than the October burn, having a relative hu
midity of 17 to 19 per cent. In California, burnings have been made
with the relative humidity as low as in Arizona but also when it has
been as high as 90 per cent (l4).
Air movement.

A light steady breeze from 5 to 15 miles per hour

is desiirable in order to remove the heat from the forest stand and to
keep the flames horizontal so that they will do less damage to the
crowns of the trees (4l),

The direction of the winds is important

because it determines whether or not they will contain any moisture.
Usually winds from the west have more moisture than the winds from the
east.
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Huaiber of Tjumlng days
The days when "the combination of climate factors are such as to
give favorable effects are few in some areas and many in others. The
65^000 acre stiady of prescribed burning on the Fort Apache Indian Res
ervation in Arizona shows that the weather conditions vuader which the
bviming occurred were very uncommon (^5)»

During the fall of 1950, the

weather was dry, and during November, the weather was cold and dry
making the sitviation ideal for buoming.

However, a review of 46 years

of rainfall records in this area shows that in only 5 years out of k6
would the effect be the same as that obtained in late November in 1950.
Even though most bximing can only be accomplished in the fall
or spring in the pondeirosa pine region, burning in California can be
accomplished throvighout the winter (11, l4)»
suitable days for burning ranged from
of 27 to 29 continxious days#

Biswell (7) found that

to 7^ with a couple of periods

Also, there were additional days when the

cleanup burning could follow the broadcast burning.
Generally, the later the firing in the fall and winter months,
the better the chances for survival of trees from severe fire injury
because the tree has stopped growing, the food reserves of starch and
sugars are at a jnaximum, and the growing points or terminal buds are
protected by scales (79).
Combustible material
Besides the weather conditions, the chairacter, qxaantity, and
distribution of combustible material and undergrowth are important in
influencing the intensity of the fire.

Manzanita, ceanothus, and other
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ground vegetation, when dry and dense, may provide a hot, flash fire.
Such fuel if close to the canopy of the overstory, provides a Tiie'^lnTn
where the flames from the fire can reach and scorch the crowns of the
overstory trees.
In the other extreme, an area may have a ground cover of pine
needles which is spotty and low in depth. The spread and intensity
of the fire in this type of a fuel is very unevenly distributed and as
a result, there are many areas which do not receive any effects from
the fire.
On the experimental areas ( 7 6 ) in California, the amount of the
ground cover "buraed was approximately 50 grams of pine needles per
sq.uare foot with an equal amount remaining to protect the soil. The
intensity of the fire was so low, "because of the fuel and weather con
ditions, that one could rest his hand on the soil surface immediately
after t^ fire had passed over the spot.
Character and condition of stand
Because of the unevenage character of the ponderosa pine forest,
burning can be only done on very limited areas.

In young stands, den

sity is important since fire will spread easily through the crowns if
the reproduction is dense, killing many more than if the seedlings were
sparsely spaced without their crowns touching each other. Dense seed
lings and sapling age stajads have to be eliminated from the rest of the
burning area by proper fire breaks.
When the sapling stands become 12 to I5 feet in height, they may
be included in the boming area. At this hei^t their cirowns are gen

5^
erally above "the influence of the flames (8, 90)•
As the stand matures, the trees "become fewer and farther spaced.
This maturing causes openings to appear where shruts, trees, seedlings,
and other ground vegetation can girow, providing a type of hazardous
ftiel#

However, the amount of needle fall is less on sparsely spaced

trees than on densely spaced treeso
needle fall from 10 plots:

For example. Table 29 shows the

the first three were moderately thinned,

the next three were heavily thinned, and the last foiar were check
plots (8).
TABIE 29

1
2482

—

Needle Fall in Pounds per Acre, Collections from 19531956 (8)

Thinned plots
2
3
^
3375 2856 1955

5
6
1611 250h

7
5266

Unthinned plots
8
9
16
6905 k56& 5566

Alterations between open and closed stands
Density is not only Important in determining the amount of fuel
available, but also in determining the uniformity of the weather con
ditions inside the forest stand, such as temperature and wind velocity.
Countryman's (25) stvidies in California show that in comparing open
stands to closed stands, air temperature at the ground line was 153
degrees F., fuel moisture was 3 per cent, and wind velocity was 25
miles per hour.

In the open stands while air temperature was 87 de

grees F., fuel moisttire was 8 per cent, and wind velocity was 3 to ^
miles per hour in the adjacent closed stsmds.

The relative humidity

varied inversely as the temperature of the air as long as the amount
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of water vapor remained constant,
Arnold and Buck (l) found that weathsr conditions may convert
from a closed stand to an open stand by the following orders of mag
nitude:
Fire behavior factor or

Maximum effect

weather condition

of coiLversion

Fuel temperature

Multiply by 1,5

Fuel moisture

Multiply by O.5

Surface wind velocity

Multiply by 10 plus

B,

PIANNING

Timing with seedfall
If there is more than one day in the season when prescribed bixming can be accomplished satisfactorily;, consideration should be given
to time of seedfall and needle fall®

In California, most of the need

les fell in September, October, and November which just preceded the
heaviest ]?ainfall by approximately one month.

Thus, an area prescribed

burned in the spring months gives the seeds closer contait with the
mineral soil because the area is not yet covered by fresh needles at
the time of greatest seedfall (8),
Crew and machinery
A certain amount of organization is necessary before firing can
commence. The crew has to be briefed beforehand on exactly what must
be done in order to waste as little time as possible since there is
only a short period in many parts of the ponderosa pine region when burn-
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Ing is applicable.

A certain amount of equipment and machinery is

necessajry, both from a standpoint of making aartificial fire breaks
before burning and of having them handy as a precaution againt "blovups** and "line Jrusoping."

Weaver (87) felt that one tractor and a plow

unit are a minimum for any area which can be fired in one day.
Fire weather forecasts
In areas adjax::ent to the ponderosa pine region, fire weather
forecasts have been used extensively in predicting detailed conditions
for the first 12 hours and general condition for succeeding 12 hour
periods for prescribed burning (20),

These forecasts can be used in

ponderosa pine burning Just as well as in the adjacent areas.

Usually,

clear, concise weather predictions inay be obtained. For instance, in
California, there are daily fire weather forecasts from the U. S. Weather
Bureau, special localized forecasts from the U. S. Weather Bureau, local
weather information from II7 weather stations opeirated by the California
Division of Forestry, and local weather information obtained on the site
of proposed bum.
C.

DIRECTIOIT OF FIRING

The most common method of firing used in hilly country is to start
along the tops of the ridges and biam down slope (8, 87).

This allows

the fire to creep slowly down into the canyons and aucross the gentle
sloping tablelands. When uphill firing is done, the rate of spread is
faster than downhill firing and damage to the stands can result.
Wind velocity and wind direction are important factors in deter
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mining th.e direction of firing. If the wind is "blowing downhill, it
m&y "be profitable to bum uphill against the wind. Usually wind di
rection is uphill dxaring the daytime which, in connection with the
slope, slows the spread of fire.

Headfires, which travel with the

wind, can be used when the forest floor is too moist to be burned by
backfires, thus increasing the number of days when treatment can be
conducted (^l). Headfires many times are safer than backfires because
they are more likely to go out than to escape control if the wind shifts
unexpectedly. The heat from headfires is carried away rapidly so that
they result in lower temperatures and are less likely to produce fire
scars on the stems of trees than are backfires (^l)o
On flat areas, parallel strips of fire may be laid at right an
gles to prevailing wind direction from 25 to 100 yard

intervals.

Thus, in case of high winds the fires have no more than 25 or 100 yards
to rtm before the next and adjacent down-wind bum (^^).
D. PROCEDURE
Broadcast
The us vial way of applying a prescribed bum is to fire an area,
starting from a back drop ajid using artificial fire lines or natural
bresiks such as ridges, streams or trails to restrict the size of the
area, in a single operation (87).

The size of the areas are limited

to what the labor force and equipment can handle and by the manage
ment objectives.

Other work may be necessary, depending on the pre

dicted cost and available manpower, such as removing litter from the
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base of merchantable trees, or cutting yoxmg pines which cause the
crowning of th.e fire into the mature trees. This type of an operation
is a broadcast bum where every pajrb of the designated area is burned.
Cleanup
In California, a second operation designated as a cleanup burning,
many times Immediately follows the broadcast bttrning (7,8, 10,77). in
this operation, all dead brush, slash, fallen trees, and prunings are
piles and burned in the open in p3Jjas^ to 6 feet from the nearest trees.
Time studies show that one person can pile and burn about 1000 pounds
per hour. Because this operation follows the broadcast bumixxg, the
fire hazard is less and can thus be done under a wider range of weather
conditions (10)«
The small piles will produce h.igh detrimental effects on the soil,
but they will cover no more than 5 pei* cent of the burning area (76).
The

piles are seldom over 12 feet in diameter, and, depending upon the

density of the dead brush and trees, 10 to I5 such, piles might be
scattered over an acre (76)*
E. FREQUEUCY OF BURNING
The frequency of burning varies with the stand conditions, in
crease in fire fuel, weather conditions suited for burning, and many
other variables.

Weaver says that prescribed burning should be repeated

every 7 "to 10 years (87).

Biswell (7) felt that broadcast and cleanup

blaming should, follow each intermediate harvest out which, if applied
at Hobergs, California, wotild once every 10 years.
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F. SLASH DISPOSAL
Methods
Broadcaat burning of logging s3jash is acconiplished by setting
fire to ths whole area in a direction where the fire may slowly creep
along, usiially into the wind and downhill, consuming the slash in its
path*.

Th© area is protected from the adjacent area by artificial or

natural fire breaks.

Spot burning is setting fire to spots where the

concentration of slash is heaviest.

Some effect may be made to keep

the fire from coveiring the area between the heavy slash spotso

Swamper

burning is a method where debris or slash is heaped onto burning piles
as fast as it is made available diiring logging.

In this method, the

extz^ costs involved in making a separate operation of slash disposal
are avoided and the hazard is eliminated as fast as it is created.
In piling and burning, the logging slash is placed in piles in open
areas by tractors with teeth equipped blades. These piles are burned
later when weather conditions are favorable (31;

63).

Choice of method
The choice of method applicable in any area in the ponderosa pine
region depends on many factors such as available money for disposal,
stand conditions, type of harvest cut, weather conditions, vicinity of
high risk areas, and present fire protection system (62, 93). Perhaps
the most common method used is mechanical piling ajad burning. The
openness of the pondei^Dsa pine lends itself well to mechanical piling,
provided that the terrain is not too steep or rocky (^1,

Also,
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areas where the fire hazard is especiaULy high, piling and burning is the
most efficient methodo

For instance, studies show that 75 to 90 per cent

of slash on an area is consumed by this method (TO).
Cost is high for piling and hijming and thus, seldom is an area
completely "burned of its slash since the timber values or the fire hazard
may not be high enough to warrant it

93)•

The most common solution

to lower "the high cost of piling and burning is a combination of partial
disposal and intensive fix^ protection during the period when the slash
remains a serious hazard (62).

Usually the slash is piled eind burned

where intensive fire pirotection after logging cannot be carried out
effectively, on areas of high risk such as on right-of-ways, near towns,
oanipgjrounds, and homes, where forest values are high, where slash will
be harmftil to reproduction; on areas where fire lines are likely not to
be effective, and on fire lines in order that cufc-over land be divided
into areas averaging not more than I60 acres (^, 93)*
Guidelines
Certain gviidelines (7, 2h, 58) necessary in slash burning are;
1. B\jm in fall after rain has moistened the bottom of the duff
layer or in the spring after the snow melts.
2. Avoid periods of dry east wind and wind velocities in excess
of 8 miles per hovtr.
3.

Burn when fuel moist\ire is at least 8 to l4 per cent in

slash areas.
Bum when relative humidity is 25 "to 50 per cent.

CHAPTER VI
SIMILARITY OF PRESCRIBED BURKING
IN SOUTHERN PINES
Some similarities may be made "between successful prescribed
burning in southern pines, especially longleaf pine, and the advocated
prescribed burning in the ponderosa pine region.
A. TREE CHARACTERISTICS
Table 30 shows that the characteristics of the ponderosa pine
are very similar to some of the southern pines, such as slash (Pinus
elllottii Engelta#), loblolly (Pinixs taeda L.), ajid longleaf pine
(Pinus palustris Mill.). which are fire resistant (6, 31)•
TABIE 30«

—

Settles

Comparison of Ponderosa Pine and Southern Pine Charac
teristics (6, 31)

Basal bark
thickness of
mattore trees

Character
of tree
crown

Character of
sitand

Rooting
habit

Pitch, pond
sJ^sh, shortleaf, and
loblolly pine

Medium

Mod, big
and open

Mod,
open

Mod. deep
to deep

Longleaf

Thick

High and open

Open

Very deep

Mod. high
and open

Open

Deep

Ponderosa pine

"Very
thick

B.

PROBLEMS

Both longleaf pine and ponderosa pine are fire types in the sense
that under pristine conditions, both regenerated naturely in the presence
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of fires J in fact, natixre's fires were beneficial to their existence
(6, 31)•

UatTxral regeneration is difficult to achieve in longleaf pine

because the large seeds fall to penetrate to mineral soil through heavy
grass and litter (^0, 8l)»

Hot only does fire remove this heavy grass

and litter, but also removes undesirable hardwoods and shrubs which
become established because of the intolerance, slow initial girowth,
and relatively infrequent seedling habits of the pine (31, 32, 8l).
Under fiire protection, slash pine reproduces vigorously and in
vades direr sites formerly occupied almost exclusively by open stands
of longleaf pine.

However, increase in fire hazard accompanies this

conversion to slash pine.

Grass rough, needles, twigs, gallberry and

palmetto undergrowrth add heavily to the hazardous stands of slash pine
10 to 15 years of age (5)»

The use of prescribed burning is important

in reducing this fire hazard.
Fire is also used in the longleaf pine region to help destiroy the
brown spot disease on the small seedlings (22).
C. METHODS OF APPLICATIOH
Usually 1 to 3 days after a rain is the best time to fire in the
southern pines. The season for this is generally in the winter, ranging
in length from 20 to 60 days, when all the other weather conditions are
also favorable. Back fii^s are set against a slight steady northerly
wind of 3 to 10 miles per hour when the air temperature is 60 degrees
F., relative htunidity is 50 per cent, and fuel moisture is 8 to 20 per
cent.

Natui^l fire barriers such as iroads, swamps, fields, and recent

bums Eire used as boundaries. Plow lines U to 6 feet wide are spaced
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in an east-'west direction so tiiat by bviming the individual sections
simultaneously, the area may be completely btimed in one burning period
of T to 8 hours (6,31)•

The land is flatter than in California «.nri

thus does not provide as many natural fire breaks as does hilly covintry.
Also, wind is more iii5)ortant in flat country such as in the Southeast,
In hilly country, the wind shifting will not cause the headfire to scorch
the tree crowns, but on a calm day in the Southeast, the flam.es can
reash the tree crowns since there is no wind to knock them down (6),
The frequency of burning is different between the southern pines
and ponderosa pine.

In longleaf pii^, prescribed burning may be applied

as soon as the seedlings are established in the giress stage, and in the
southern species, the height of the saplings must be 6 to 8 feet before
buming can b« prescribed (31)•

In ponderosa pine, however, the height

must be 12 to 15 feet, after which most of the saplings will suirvive.
By no means has all prescribed burning been successful in the
southei^ pines. Much reproduction has been destroyed and many of the
big hardwoods have had to be cut because they were not effectively re
duced by fire (^l).

CHAPTER VII
DISCUSSION AM) CONCLUSION
A.

IMPORTANCE OF RESUia'S

An important consideration in this paper was to investigate the
different studies to determine whether or not the effects of the pre
scribed buming Justified its use as a management tool.

Not a single

study showed enough evidence to justify its use in solving all the
management problems such as freeing young pine stands of stagnation,
decreasing fire hazard, preparing proper seedbeds, and decreasing
undesirable understory and associate species.

However, the indiv

idual studies, when considered as a whole, have shown enough evedence
that many management problems may be solved by the use of fire.

For

example, Gaines' et al (37) studies showed that fire hazard reduction
may be significant under certain conditions but the effect pf fire
on thinning will not be.

Biswell (8) showed that the depression of

manzanita will increase the emergence of pine seedlings in Califor
nia,

Weaver, in one study, showed that the growth of pine trees

was increased on a burned area in comparison to an unbiimed area.
All these singular benefits do suggest that the use of prescribed
buming is possible in solving many management problems in ponderosa pine.
From these studies, the following recommendations are made
for the use of prescribed burning as a management tool in ponderosa
pine;
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1. Prescribed burning can be used where other methods such as
rotillating or use of chemicals have not proven to be more applicable
and more economically feasible in solving urgent problems such as
stagnation of young stands, presence of poor seedbeds, inmsion of
competing vegetation, and danger from high fire hazard.
2.

The conditions for burning shoiild be such that the desired

results can be obtained.

The conditions best suited for burning

are the following:
a. Favorable weather conditions must exist.

The best conditions

are realized when the fuel moisture is above 8 per cent, the
air temperature is below 50 degrees F., the relative humidity
is above 25 per cent, and the wind velocity is below 8 miles
per hour.
b. The lower half of the duff layer should be moist.
c.

The fuel should be evenly distributed.

d.

The youngest trees in any burning area should be at least
15 feet high.

3»

The following procedures should be used in prescribed

burning:
a.

The area should be limited in size so that it can be burned
in one 6 to 7 hour period during the daylight hours.

b.

Burning should start against a barrier and proceed slowly
downhill or against the wind.

c. Precautions should be taken against any damage to the tree
and soil occurring within the burn by eliminating any po
tential "blow-up" fuels.
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d. Precautions should also be taken against any damage occ
urring outside the b\zm by proper lay-out of boundaries
around the burn area and by proper organization of crew
and machinery,
e.

Cleanup burning should follow broadcast burning.
B.

CORREIATION OF DATA

Daubenmire criticized Weaver's experimental work in prescribed
burning prior to 19^7 in that his descriptions of the habitat types
were so meager that they could not be identified, and as a consequence
there was no published basis for extending and correlating the results
to other areas belonging to the same habitat type (29). This is im
portant because, by being able to make such correlations, the eco
logical effects from burning on a proposed area may be predicted.
In addition to Weaver, other workers have failed in the past to
specifically describe the habitat type of a particular area of study.
Just as important as the use of a forest classification, is
the use of a fuel classification in the correlation of results from
one study area to another.

The behavior of a fire in a fuel class

on one area where the fuel is described by type and quantity, may
be predicted in the same fuel class on another study area.
There are some studies which have provided some degree of fuel
type and quantity classification which may be used in the future as
a basis for further experimentation. For instance, Biswell in Cal
ifornia classified the fuel as pine needles and on a weight basis.
On the Warm Springs Indian Reservation studies by Van Sickle and
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Hickman (75)» Weaver (92) have a general description of the vege
tation type.
The practicability of classifying the fuel on large areas is
questionable.

It seems xaneconomical to classify the fuel into sp

ecific terms of fuel type and wei^t or density such as on the
65,000 acre bvirn on the Fort Apache Indian Reservation
C.

ECONOMIC AKALYBIS

It is difficult to state what size an area which may be pre
scribed burned aiiould be in order to be the most economical because
there are such variables as toi)ogiraphy, timber value, risk, and esperience of men who are firing.

No study has indicated the minimxom

economical size of a burning area.
Generally, cost of prescribed burning in monetary values has
not been thorovighly investigated.

A few figures iranging from a few

cents to a dollar per acre have been stated for ponderosa pine pre
scribed burning.

The studies which show a cost of 5 to I5 cents per

acre signify that prescribed burning may be cheaply applied.
No studies have shown what returns may be expected over a
rotation from prescribed bxirning.
D. PLACE OF FIRE IN MANAGEMENT
If fire can be used effectively, it must fit into the overall,
management plans for any particular forest.

An example of how this

may be done is given by Biswell (8) at Hobergs, California,
area of site

On this

II, there are 3000 acres of ponderosa pine forests

for which all products are marketable and from which trees are
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harvested every year.

Biswell observed from tree growth studies that

10 iiitermedia.te harvest cuts are indicated by the time the trees
reach 20 Inches diameter breast high at which time a final «ut is
made.

The rotation is I50 years. Theoretically, then, 20 acres

would be clear cut each year, perhaps in 5 to 10 different spots,
and 200 acres would be thinned in intermediate hairvest cuts. The
clear cut spots would be cleaned of slash and managed to obtain
fully stocked stands of reproduction within six years.

After the

trees are 12 to I5 feet tall, prescribed burning can be used to
maintain low fire hazard conditions.

Thus, acres burned are 20

acres of Intermediate cuttings, or a total of 3OO acres per year.
Thus, any petrticular spot is burned every 10 years.
E.

NEED FOR FUTURE STUDIES

Even though the above example illustrates the practicability
of using fire in oiar management plans, it is highly theoretical and
is not of immediate importance in the investigation of the use of
fire in ponderosa pine forests.

Of greater importance is the con

tinuation of more basic studies to obtain the correlation between
weather conditions and the intensity of fire in any specific fuel
in the whole ponderosa pine region.

Even though, it is partially

vinderstood as to when biarning will have beneficial results, a more
thorough understanding would increase the length of time for burning
and specifically designate this time for any particular fuel type and
weight.

Also of great importance is th.e investigation of the eco

logical effects fire has on the different habitat types.
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Much, research is needed "before "the use of fire can be safely
giiaranteed and recommended in ponderosa pine management on a prac~
tical "basis.
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